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SOCIAL CLASSES OF CANADA GEESE IN WINTER'

DLNIS G, RAVELRIG, Caoperatice Wildiite Rergarch Loboratary, Souther 1iknan Uniseraly, Cuibondale?

Abstract;  Seventy-seven Canada 2evse {(Hranda coandensic interior) were marbd witl tansinitters,
masdl ik, aoel dae to allow recossing of theie Toations and elsonvation of their belavior duasibg wine
b Mahed geese inchuded al) or pasts of 10 Lo, 2 gaabes, ated 33 searlings, Behavioe was not sube
sntially affeeted by marking. Fanalies temained ftact all wister and ceavambled 6 separation
oconrted. OF 206 searlines whove sociad statiss was hleatiied, 18 swese singles, 4 were tinctalwers of Lan
iy, 2 were a sililimg paie, and 1T was padial. Two siide yemlings were dlinaly assoclated i Jcitions
aned saovements, Botuls asongg oladt amd hnmatiee s pvors Iy fndies disupted 1 motality il
appeat 1o b allectel Yeatliogs In Gonibes were probabdy nsore oovely iftachicd 1o the patents than

woere imingdures,

Our kpowledee ot the gregarious social
lite of Canadat geese has beens w misture of
tacts and folklore, eapecially with regard
to yearlings and family bedavior and unity.
Data on daily winter activities of the same
clividuals of ditferemt social status have
been fackime, The stady of daily sociube-
havioral interrelationships and movements
of the same individuals of nuny wild spe-
cies wass misde possible by the development
of rudiodelenndey (Shter 1963, HRS). The
puarpose of this paper is to repait tesalts
fram i study of the social stracture of Can-
ada weese during winter usitg  radio-le-
lemeliy,

Thiv staady was w coopesative project with
the U, S, Burean of Sport Fisheries aml
Wildlife and the Winods Departinent of
Conservation. T A Melrholf, R, G, Per-
sotiuy, agul the rest of the stall at Crabs
Orchard National Wildlife Refuge, 1), W,
Warner, W, 1L Marshall, B, ], Vaats, and
Wo W, Cochwan are gratedully  acknowl
edged for thieir helpful assivtance and ad-
viee, Trauswitters und seceivers weed were

“This sty wis Franced mainly by a gran
hom .o National Science Foundation (GL-623).
Additionad suppont was provided by the Coopera.
tive Wikdlile Besearch Labortory, Southern s
oty University, Cutbondale. W, 12, Klinwtra, Di-
rector,

Present acdeess: Canadian Wildlife Servive,
1A Canry Steeel, Winnipes 1, Mandloba,

Jot

basel on then unpublished  designs of
equipment deseloped at the Museun of
Natural History, University of Minnesota,
1L C. lHamson served uy comsulint o the
projeet and greatly endumeed my under-
sinling of Cawada geese. W, 12, Crews
wssisteed i all phases ol the feld work and
W, D). Kliostra seeves] s principal investis
gator  His oflorts, encouragemeat, and e
vice are gratefully acknowledeed.

METHODS AND MATERIALS

Location of Study

As any s 200,000 Canadi geess speml
a large part of the winter in southern 1H-
unis in and around three major refuges.
They are almost all of the subspecies in-
terior (Hamon and Smith 1930, and 1.
son, pesona! communieation), The study
wits curried out prisnarily at Cinb Orebiard
National Wildlife Refuge in Willkunson
atd Jackson connties from Jate September
to mid March, 1063-6¢ and 1961-85, Craly
Orchand Lake s spprosimately 7000 neres
andl the refuge arv encompasses 33,000
ueres. Onedalf of the area i open o puls.
tie use, inchiding huanting, The geese rooste 2
mainly at the lake and fed primarily n vomn,
sovbean, and wheat Felds in the inviolate
one-half of the refuge,

Same winter ohservations of Canada goose
behavior wete made al Horseshoe Luke
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(Alesandes County} ol Undon County
Befuges. These refuges, which are In the
fertile, atluvtal tood phatu of the Mississppi
fiver, ae mueh sadler than Craly Orchanl
(upprosimately 7000 acres vach) bt at-
et mure geese,  Horsesloe Lahe iy ode-
seribied By Hansun and Smitly {1950y,

Coplure ond Identification
of Expetimental Guese

The objectives of this study requined that
complete  fumily anits Yy trappesd i)
marhed, Cavnen-net teapping (O and
Thormberey 14%)) wsatly caphures lirye
milers of geese wind relaled Binds Cannnl
be identifiead. Some fomilies o simal) Hooks
{less thane 20), however, spent the mfudday
toasting at one of several saiadl {0105
acre) pouchs on the refuge instead of e
turning to Cralt Oechasd ke, Cutpe
ety wen: placed alome the shoreline of
these potds, Carelul ulnerviation of syl
greupy of geese allowed iderdifieation of
Limilies, A gander, oftoy accompanivd by
st or all of his faumily, would chase uther
gevese Trome o loafing or freding wea, or
sticearnby to o amore dodsant goup, O
casionally, this chasive, behasior, especialy
iEover acsmall mmonnt of bidt {eorn) in
Irant of the comon-net, alfowed fust ane
famity (0 G canghe.

Yewling geese and some other individualy
marked for this udy wore taken T Litge
trag sanples regularly obtained by the sl
ugee for their banding program,

Aer std sev of thapped geese wers de.
termined from criterit presented by Hun-
win (1962). Age classifications utilized ase
as follows:  imnstare—from hatching wiil
the returie to uesting areas the followig
springs yearling—{rom the tine of retur
lo nesting areas for their second swimner of
life amth their retum 1w nesting areas the
following spring: adult—from the buegin.
ning of the third sunmer of life and older.
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Exporimenta) Markings und Tranymitters

Fanty geese in 1WB3-61 and 37 i 190 1153
were filted with teansmitters shudlar to 1
deseribied by Cocheans ot al, (1063) wl
colmed Tdneh tasal disks (Lindineior usuel
Julisson 1038, Bartonel sl Dane 1961),
White areus of the alidomen and cheek
were colored with dye (Crocel Scarby,
Crocein: Oratige, Auramine, Fast Groen)
(Boyd 1932, Kazlik ot o) W58 Dve was
upplied u second e after the firt appli.
catton Wl deiect thosouchly, Goese with
tramsmittus were haeld in confinement for
Far 2 days alter capture to allow ghe dye
to diy and the Wrds 1o rearrunge thelr
Phumnge,

Fitting a trustaitter to o goose tiiairesd
wanipulition of the Lrger foop aver the
by from the postesior to approsimately
iy fiad position on the breast. The hewl
td neck wore then polled through e
smaller weck-loop,  Tranwmitter siee nd
Placement am) yasa) divks qre Musteated i
Figs, 1 and 2,

Total weight of tansmitters {including
harness) varied frons 30-50 £ depending
o the size and aumber of batteries, by
general, the trunsiitiens wepe cdesivned fyr
 theoretical operating lile of 1202150 days,
The frequency range was 53.00-53.20 me
with tounmitters spaced ut 3 ke fntervals,
Fifteen radins were continuons wasve and
62 vperated ny pulsing transmitters averpg-
ing 200300 beats per smimte. The com.
bination of & ke spacingt and a distinetive
pulve rate and tone wstired positive kley.
tification of ats fncicidod signal,

Techniques of Rodio-Tracking

Dircetional autentiae were used to deter-
mine the locations of radio-narked geese.
Four pernmanent, rotwting §-olement bean
inlenune on 30 ¢ nasts were placed at
stetegic lovations on the refuge. Three, 4-
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Fia. 1. Devgn and wre of franientey yied on Carada geete
frote ~aua! o viad

or 5-element beam antemmae with 100t col
Lapeibile masts were kept ot convenient ob-
servation posts near the labe and were
mved to different sites as needed. Two
vehicles were equipped with a vertieally
oricnted rotating loop antenna similar to
that wed Ly Verts (1963). A vehlele an-
ter was rotuted by band via a pulley sys.
ten with a pointer on the handle indicnting
antenni odentation. The base of the loop
was fived to a hinged plaie which allowed
lowering the antenna when traveling.
Design and apecitications of the receiver
utilized with both the vehicle toop and
beam antennae are unpublished duta of
W. W, Cochran. Also available was one
Model D-11 portable receiver with loop an-
tenna { Cochran and Nelson 1963) for fleld
use away from vehicles or beam antennae,

Study Procedure

Data recorded from transmitteranarked
geese were oS follows:  lake location prior
to flight in the morming, time of flight, lo-
cation in ficlds, time of fight to lake or
changes of feeding nreas, widday roust lo-
cativus, tme of alternoon flights and field
locations, and time of flight to lake in the
evening.  During periods of concentrated

Frg. 2. Canauo goose with ipnsm res in ploce,

fight movements the investivators were
stitioned at focutions where the greatest
nutnber of marked geese could be olnerved
and/or radiotracked, Two-way wadio com-
munbeation enbanced efficient utilization of
thine. We coulid determine the begioning or
ending of o Dight by radio-marked geese by
continious scanning of the frequency rimge.
The moment these birds flew, vasily de.
teeted increases s auditory signal strength
ovenrred, espectally as the geese rose above
treetop level, The reverse veenrred during
descent und Towding,  Trinngulation was
rarely needed to establish tocations of the
radio-marked geese as the distribution of
geese on water and land was usually ob-
seevable.

After radfo-marked geese were loeated,
attempls were mende, usually with o spotting
scupe, o olserve their Lehavior withoet
disturbing them,

RESULTS
Transmitter Dependabiiity

Transmitters were placed on all or parts
of 10 Lunily units, 2 paires, and 35 veardings.
During 1983-61, ouly 18 of W} trunsmitiers
operated sufficlently to provide continuous
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tlhta, Shaece 15 of the 22 unsatisfuclory ra.
dios were an Tumily members, and In every
fumily at least one trunsmitter operated
well, few data were Tost as family wembers
proved to rarely be separated. Transmitters
in 19641-85 were murkedly fisproved and 30
of 37 performed satisfuctorily.

A meaningful average trunsimitter-opera.
tUnglife cannot be calealted ns 19 geese
departed from Craly Orchard during winter
or In spring migration with  functioning
teatssmilters. Ruclio and abservational con-
tact were mudatained with 9 families amd
2 pairs (13 geese) from 12-108 davs (aver-
age==060 duys) wnd with 23 yearlings or
other single geese from 12-113 days (aver-
et b days),  Transmitlers that failed
hefore 1O days of operation ot were on
goeese that left within 10 duys of theis re-
tease are not included in the above calenla-
tHons,

Transmitters cune off 3 geese, all within
% days after release. Two geese that had
transitters attached in autumn, 1961, were
shot by hunters in autumn, 1963, and both
individuals still carried their trunsmitters,
Of at least 7 different ndividuals marked
in 1903-01 ane! observed in 196465 (1den-
tifiable by wasal disks) one definitely had
retained its tramsmitter. It could not be de-
termined whether or not the ather 8 were
still radio-tagged as transmitters were usu-
ally concealedd fu breast Feathers.

Range and Accuracy of Direction-Finding

Effective ranges of transmitters  {rom
marked geese on Lund or water varied ns
follows: (a) to an S-clement beam, -3
miles, avermge approximately 1% miles; (b}
to a 4+ or 5-clement Leam, average upproxi-
mately 1-1% miles; (¢) to a vehicle-loop,
Li=1% miles, average approximately % mile.
It was not determined how dar a sigaal
from a flying gouse could be received hrt
one presumed straight line flight of 18 min.

toble 1. Humbeis and houns of cbistvations of radio- and
colonmaiked Conada geme,

Nustnwn ny Hutna o

LICHEY ] FYTT (ALY AT IONG Onsrnv At
Singlo tonatures 26 19
Single yearlings 101 (i3
Single adulis 33 22
1%alis >l b )
Familics 0f 3 54 50
Families of 33 ot
Famlliesof 8 73 T
Fatdly of 0 4 3
Tuituls —'ﬁj? 3!-;'1"

utes was recorded from an S-cloment Heam
antenia, - Assuming a 30-35 mph Hight
speed, this indicated that the signal was
received from 9 or 10 miles away.

Aveuraey of direction indicated by per-
tmanent beam antennae was not determined
s these antenune were used o find only
general direction. Vehicle loop antennue
sl the sinaller beams were wsed for te-
cording exact loeations. Compatisen of lo-
cations indicated to nctual loeations showed
a ratlio-fix aceurney of approximately 2° to
4° at % mile from the adio source.

Numbers of Observations
of Experimental Geese

The Hnding and continuous observation
of the experimental geese was difficult and
time consuming. Since minimum disturb-
ance was essentinl it was frequently not
possible to approach close tnough to ob-
serve the marked geese. Few attempls were
made to regularly lucate and ebserve the
experimental geese when they fed bcyond
refuge boundaries.

The numbers and hours of ol)sur\'.uions
of marked geese are presented in Table 1.
These data represent only those thues when
an individual or group was watched nearly
continuously for a recorded period.
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Effects of Marking Geose

No uoticeable lasting elfects of dye and
nusal clisks on behavior were observedd,
Marked families in which one or more
members had escaped at the Gme of teap-
ping, regroupedd after retease, and no ab.
noral effects were observed with edther
marked or unmarked Tamily membes or
with other geese.

During the first 1 to 3 days aller release
most marked geese speat long periods of
time preening, especially around the trans.
mitter. Same geese bit awd pulled at thede
trunsnitters, but none continued vigorous
pecking or pulling after the fisst day or
twu, Geese bearitg transinitters continued
to do more breast preening than did un-
marked geese. No other hehavioral differ-
ence was noted,  hey Mew well and ene
gaged in all the daily activities of the flack,
Subsequent examination of geese that bl
wom transinitters showed no signs of skin
abrasion or other irritation except that some
feathers were missing on the breast where
the transmitter was located.

Efficiency of Nosal Disks and Dye

Nusal disks were known o come off two
geese during the study: one after 81 days
andd the other after 76 days, For retention
and case of observation, nasal disks are in-
ferior to some other marking methods
(Sherwood 1966q), However, the combi.
nation of dists and dye on the alklomen
proved satisfactory for this study. Experi.
mental geese were almost always fest no-
ticed because of the colored abdomen,
which also made it easy to follow the hirds'
movements. Nasa) disk color was used lo
signify age-sex class, PDya was not retained
well on the check puteh because this part
of the head was used in preening. In most
cases, enough dye foe positive identification
renudned on the abdomen for about 2
months,
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Reassembly of Familios After
Capture and Release

The word “fumily” ts wsed here to indi
eate uny assoclution of two or more geese
resulting from a0 pair howd or parent-prog-
cny=sibling relationships. Fumilies of three
or more represent an adult palr with their
offspring, unless otherwise noted, or surviv-
ing members of such an associntion, Not
wmembers of all families in this study were
taapped and murked (Table 2), In these
stances, however, it was possiblo to deters
mine subscaquently the age of the usinarked
geese and the sex of unmarked adults by
comparison of their plumage, size, and be-
Lavior with the known age-sex fadividonls
of the group, Sinee the history of the
marked geese before trapping was unknown,
it is not possible to state uneguivocally that
the young of these fumilies were i fact
hatehed and rafsed by the adults with them
ab the tne of trapping, Lowever, the resalt
was the same, that s, the study birds be-
haved as a funily unit in o}l their daily win-
ter aclvities. Family-related  geese are
bound together and recognizable by the
mutual performance of the Trivmph Cere-
wony (head and neek waving with rancous
honking—Fischer 1063; Klopman 1961
Lorenz 1939, 19060; Raveling 1967).

All captured members of a family unit
were released at the same time and place,
some releases at the polnt of capture amd
some up lo 2 miles away from the capture
site. Lven though released together, im-
mediate temporary  sepasation of fasily
members almost always occurred {Table
2) beeause adult geese, particularly gan-
ders, were more powerfu! fliers and quickly
outdistancetd  immatures.  Some  marked
geese could not (or did not) fly at the tine
of release, probably Lecause of strained
muscles and plumage devangement,

Permanent separation of family members

U Ry T e R S — N
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Tuh's 2. Llength of time fot paiiy and fomilies of Conado geere to be reunited and 1» retyn ¢ normol daily octiviher alter

being captuted and releosed.

SrAIve Juse

Arrroaiaag In-
TERVAL Hatwlexs
Arenonisnge Ias Hruease axp His
D AAL B MERN st prtoy or
Henkask axp  Nukruan Dany
Conpebnte AGINEIIRS A3 AN

[T AFTKH RELkA Nuuxirtcarion Ivracr Uaat
Sibliog patet (Yearding mules)® Topellier - 12 day
Mated pairt (Gander not captused ) Sepatated Within 4 honrs L day
I-'nmlllyt)ll-'l (Adult inle und 2 amintare Separuted (3 & 1) I day 1% days
mnles
Fawmllyof 3 Separnted (2&1) 1 day Jdays
Fwmily of 3 Separated 12& 1) 2 days 3 days
Fandly of 4 (Only adult male and one  Separated 2 duys 2 cdayx
Bmature eaplinned )
Family of 4* (Gnly adult Temnle cap- Separated ? Jdays
tures)
Pamily of 5 (Gne nture not cupeared) Separated a1s days A1 days
Fumily of 5 (Adolt male not eaptored)  Separated (3, 1 401) T4 days T4 days
Famlly of 5 Separated (3, 1 & 1) 2 days G dys
Family of 3 (One lmmature not eaptuced) Separated {4 & §) 1 day 5 days
Family of 0 Postethier { Seprarated somewhut - 03 dasy

in flight at refease but renmited
within sulnutes alter Tandlog)

s 8hre and elationhip of greup deletmined by olservations after release and reuntfication—ail other famlly siees
wpurtedd here were known al the time of trapping amd subsequently confinned by numerius observatims alter release and

teunllication,
b Ser tent, p. 311

did not oceur (Table 2). Because families
hubitually utilized only one small portion
of the available lake shoreline area reunifi.
vition was facllitated ( Raveling 1967:116-
121). Released geese usually flew or swam
a variable distance and foined nearby geese
where they stopped and preened, \Within
2 days after relense, the separated family
members returned to an area which subse-
quently proved to be thelr usual lake-roost
site and were reunited as an fntaet fiunily
Lut Jid not resume regular, daily flight
movements as o unit until approximately
days after release (Table 2). In contrast,
single geese {3 adults and 19 yearlings)
resumed nonmal flight activity in 2 days,
Often the geese taking the longest thue to
resume rormal patterns of nctivity would
hold a wing slightly cut of the “socket” of
flank feathers, presumably beeause of mus.

e e R T TR
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cle strain, Immature geese wore usually
uffected more than adults,

Integrity of Families During Winter

Telemetry proved that eriterin for iden-
tification of familics captured for this study
were correct. lesults demonstrated that in-
dividual members of families were almost
ulways in close physical association (Table
3). The 98 percent estimate for the amount
of time familics were together as a unit is
minimal for two reasons: (a) extra cffort
was made 1o observe nindd recerd activitivs
ot family members when it was known they
were separated; {(b) Table 3 does not in-
clutle hundreds of records when most trans.
mitters in a family were working und sig-
nals were all coming from the smne
tocation,

Duta from tour marked families are not

RSO EQ ISR S O
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Tobts 3. Obiarvations of the cohmivensis of masked fomilies of Conada gease durlng winter,!

NeMEEn or Daskavas Nusingn or Opskne Dark vr
Tl AFIFR COMPIEIE  YATIONK WIHEN FAsle WANT

FastiLy Sizx HEUNIFICAVION UF FAMILY 1LY Was Tooksien ORIERYATION
Threo 0 0 (100%5%) 17 Jan.

" Throe a 00 ( 88%6) 10 Mar,
Five { Oue tisature not caplured ) T T (100%%) 20 Nov.,
Flve (One fmmature not caplured ) 30 20 ( V%) 17 Feln
Five al 32 (1005} 13 Mur.
Six 4 4 (100%) 22 Dee,

then 4* a0 28 ( B7%) 22 Jam.

~ then & 11 1 (H0%) 22 Fely,

Toins 150 150 { 90%%)

* Docs pot Include Incomplete datn from 4 aibier matked families—sce teat, p. 330,
* Female hilled, seatling separsied peananently-—does not luthule nlmnr.t.mm ul nne hinmatute tainpotitlly sepaniied

ulter fomale was killed,

* Adult innle collected by tnvestigator leaving only thres Ininstires,

inciided tn *Fable 3, In two of these famt.
Jivs, two or more members were wnmarked,
and il was not always certain that these
faandlies were intact when observed. When

-only one family member was unmarked it

was almost always possibie to stale that the
unmarketl dividun) was or was not with
the family, and data from these two fumilies
are included in Tuble 3. Transmitler faiture

- and._few observations . prevented inclusion

In Tuble 3 of data from a famlly of five,
The fourth family not licluded in Table 3
was a unit of two immature males and o
gander in which both young died within 18
dnys of their capture and release,

Through the period of observation of
ench Fumily of this study, continued unity
wal the rule. During spring migration in
Wisconsin  unmarked family units were

- ddentified during mid- to late April. Some

families containing young were also still in
evidence after arrival at nesting areas in the

_ Kinojo River arca of the Junes Bay low- -

lands in Ontarlo (Raveling and Lumsden,

* uppublished data),

Effecls in "Broken” Famillos—Severa)

* " observations were made of a marked family

before and after mortality occurred. Radio-

Iricking and observations of a family of six

(pair, three immatures, and one yearling)
that stayed together at the time of releuse
(Table 2) demonstrated that all six were
continnously together for 14 days after re.
lease except that the gander and fiimmatures
resumed feeding flights before the adult
femnle and yearling, Later the femuale wus
believed to have been killed by a hunter
Geese were observed to be “milling” in all
directions over the field where she was pre-- -
sumed to have been killed, After returning
to Crab Orcliard Lake the yearling and one
immature were separated {in two different
locations) from the other two hamntures
and the gasder (which were together), ‘The
luke was freezing, and these remaining fam.
{ly members were forced to nbandon their
regularly used roost site for one of the few
remaining open water urens, The separated
Immature rejolned the gander and other
two immatures after 8 days, The yearling
remained separated for 10 days, did not {ly
out to feed, and then disappearcd from
Crab Orchard. The gander and three im-
matures were then almost continuously
together for 22 days {Table 2) before 1 col-
lected the gander, The three siblings re-
mained continuously together after the
death of thelr gamder until the time they
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were last observed in late Februnry (Table
2}, ‘The yearling reappeared at Crab Or-
chard on the day the gander was collected
and stayed for ot least 12 days but he did
not rejoin the three immatures,

Status of Yeorlings

‘I'runsmitters were placed on 35 yearling
geese; transmitter performance and obser-
vations were consklered sulfielent for de-
tenmination of the status of 26 (15 males
and 11 feinales).

Yearlings In Familles—Lour of the 206
yearlings (15 percent) wero part of n fam-
fly unit for at least part of the winter, Cri-
terin used to determine iF yearlings (or any
otlier fndividuals) were members of o pair
or family unit were: unity in preflight and
flight behavior; neceptance or tolerance by
other geese {especially the gander) in the
group; joining a group in aggressive dis-
play; entrance into a triumph ceremony
with a groupy; consistent movements in
switmming and welking which often revealed
fumilies acting as a unit, especinlly when
movements were initiated by a gander (usu-
ally nlwaya kdentifiable by thele size and
Lehuvior),

Onc of these family-member yearliugs
was part of a completely radio- and color-
marked family of six described above from
which he beenme permanently separated,
The other three family-member yearlings
were oblained from targe catches of geese
and the remalnder of the families they were
associated  with were not  color-marked.
However, one fumily with which one year-
ling was always observed was in part iden-
tfiable. The gander had a patticularly
striking ring of while feathers at the base
of the black neck and two other members
were leg-banded,

Yearlings in Sibling Pairs—Mlartin (1964)
and Sherwood (1960h) demonstrated that
sume yearling siblings remain together

H1

throughout the summer and apparently the
second winter of life. One such assoclation
wits encountered during my sty Four
yearling males were {dentified I a caleh of
22 peese on October 24, 1904, Two of these
were skle by side under the net and at the
time they were removed their remarkable
physical similarity was noted. While such
cri*erin are not conclusive for determining
broodimates, considerable individual varia-
tions or conformilics amonyg individuals are
noticeable. The transmitter on one of these
tmdividuals failed after 4 days, but these
two geese were observed virtually side by
sitle on 13 occasions until January 30. They
acted as related geese, being synchronized
in flight movements, occastonally i altack
ing, and often in avoiding other attacking
geese, Only once was one observed when
the other was not also visible in the -
mediate vicinity, 1 concluded that these
two yearlings represented siblings that had
rematned together.

Croups of Unrelated Yearlings.—~Some
apparently unvelated yearlings In winter
exhiblicd o degree of close association in
roosting axeas, feed-field locations, and in
synchronfzution of flight. Two yearling
males trapped on October 23, 1961 were
radio-tracked almost continuously to Junu-
ary 9, 1965, These lwo birds were in the
near vicinity of one unother in roost and
feed-field locations on approximately 73
percent of the radio locatlons and flew to-
gether in the same flock over 50 percent of
the tims (Table 4), They were observed
together in the same general vicinits: nine
times but they were separated by 100 yards
or more on 12 observations. During all ob-
servations (over 20 hr) neither goose be-
hived in any manner to indicate that they
were paired to each other or to any other
goose, or were part of a family.

This neeaciation of what appeared to be

——
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Tolte 4, Degree of ¢lore oviociotion betueen two uvelaled
yealling moles o1 demomtated by locotions and fimes of
Might resorded with radiote'ametry batwaen 27 Ocrobar,
1984-9 Jonunry, 1985,

Pracext or Liocas
1N O FLiunr
‘Listha WiikN Bom
YEARLINUS WERK
Toaringn®

AGEIVITY AND NUMBER
ur LOCATIUNS

Nhht rogst logation (determined
prior to any mormlng {light activity) 78

'l‘l;!w-:ll Might from luke in the

morning T
N=170
Morning feed-lield loeation Y|

e

N =0
Time of flight from moming leed.

fleld to mldday roost location 50
N=1t

Midday roost location n
N=5]

Thne of flight from midday roost
location to aftesnvon Seed-Tield

Tovation 54
N=10
AMiernoon feed-fHeld Joeation 7]

Time of flight from afternoon

feed-field location to night roast

location 68
N=50

¢ Patg In thiv table include onty thes tecondy in which -

the activity of both geese was knowi,

¥ Together means that & detectablo dilierence (n radio fo-
cation was nol determined—or they wets atiually olnerved
tngether (Lo, within 20 of 30 yanis),

unrclated geese was not expected. 1 radio-
marked 8 and 17 yearlings obtained from
catclies made at the same trapssite on De.
cember 16, 1964, and January 11, 1965, re-
spectively, to determine whether or not
such behavior was commen. If such as.
sociations were common, then some of these
23 yearlings should have exhibited a pat.
tern similar 1o the 2 birds described above,
Twenty-two of these 23 yearlings were sub-
secquently abserved at least once, and there
was no indicatfon thut any two were assoct.
ated in a “logse™ group. Onec lransmitter
cuine off and three failed within 4 duys;
however, 3 of these geese were subisequently
observed, Three yearlings departed from
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Craly Orehrd within 15 days, all at differ.
ent times, The remaining 16 individuals
were tidio-iacked an average of 44 days
(range 15-72 days). None showed any cons
sistency with unother in roosting, feeding,
or tying together,

Yearlings as Mated Palrs—O[ the 20
yeurlings whose socta) status was deter
mited, only one, o female, was pafred. Her
mate was not marked, but the fomale was
ob:erved on seven occasfons between No-
vember 20, 1964, and Februansy 17, 1963, mul
every ltme she was o member of o palr,
Her mate was considered an adult male and
not u sibling because of his size mnl e
haviar,

Single Yearlings.~Nhiweteen of the 20
yearlings (73 percent) identificd as to social
status were considered to be shicle geese
throughout the period in which they were
raclio-tracked and obseeved,  Thirteen of
these 19 were last obsesved tn Febroary or
March, the beginning of spring migration,
I conclude that the mnjority of yearlings
were singles In winter and began spring mi-
gration as such. Criterin used for identify-
ing singles were essentinlly the Ik of be-
lhavioral pattems obsersed to typify pair cr
family status. Singles were generally un-
alert, avolding, nndd submissive geese; lacked
synchronization with others in preflight be-
havior, walking, swimming, and agonistic
situntions; did not enter the triumph cere-
mony with other geese, and exhibited o
seattered pattern of roost locations {Ruve-
ling 1967).

Status of Single Adults
and lmmatures in Winter

Alter the two immalures of one family of
three died, the remaining gander was ob-
served 8 times up to February ) always
nlone. Two other adult males, radio-tracked
far relatively short perivds in early winter,
were singles; one was observed 14 Hmes



Soctat, Crases uv Geesy iy Wisian « Hoeeling

from October 19 to November 240 and the
other was observed 3 times [rom Qulolier
23 to December 6 One adult femade with
a lrvusmitter, observed on 5 eceaslons be-
tween Junvary 10 and Febroary 6, was al
ways o single. One tmuture male Canada
goose was [ollowed fiom Junvary 10 o
Miiceh 2 and on eachi of 12 aliservations was
a single,

DISCUSSION

Techniques

Normal behavior of some blids is clise
rupted by coloremueking  {Golorth and
Baskett 1963) and Aldideh and Steenls
(1935) cantioned apoot possible effeets on
Cannda geese, Lensiok (1808)  provided
indieations that necklmnels may inhibit re.
production of black br ot (Brante bericla)
but did nal  ~use any other type of aber-
rant behavior. This study confinns mamer-
ous reports that dyeing, nasal disks, and
other types of  lor-marking have no no-
ticeable, tast g effects on the behavior and
sncial relotionships of geese under fnvesti-

gatlon Lere (Boyd 1952, lichn 1935, Craly- -

head and Stock: <d 1936, Ceatghead and
Crighead 1937, osinrquardt 1962, Ballou
and Martin 1961, Miller and Dzabin 1983,
Sherwood 190Ga).

Families

Mo uuse banders have expressed con
cerr baut whether or not trapping and
the usual method of releasing geese one ut
n time after banding might cause breakup
of family units, VFor example, Scott and

. Fisher (1053:20) thought farally ties would
be broken by such proceduses und therefore
all captured geese were held and released
simultancously,

__Separation of family members dus to
trapping Is inevituble, In Jarge connon-net

_cutches, not all family members would be

HIR)

cought by the net-throw {laveling 1906).
When fotact or partinl Syndly unlts were
eleased together fn this study, separation
oceurred but was never permanent. The
Cunicla geese vsed i this study were sub-
jeeted to more linding than geese trapped
for bunding purposey; however, great dil-
{erences fn the ability or lnclination to fly
strongly after anlease are almost always
noted in regular bandiug operations, Othiera
have abserved regrouping of fanilies of
white-fronted gueese (Anser allitfrons) (Boyd
1932, Miller und Daubin 1903) and Cumnln
geese (Hamson 1933) aftee capture aud ree
lease,

Miner (1923:122) reported  that adult
Canud grese aceasonally left thele young
but not for more than an hour, and Ekler
ard Elder (1949) suggested this hubit may
have contributed to the abundance of pales
observed in local movements at Horseshoe
Lake, "Typleal family Lehavior 1 observed,
however, was alnost continual unity, Sepa-
rution of palrs and fumilies (trivmph cere-
mony partners) creates un appetitive search-
ing behavior { Flscher 1065:257), 1t is con-
cluded that sepnration of pairs and families
during winter {s rare,

Since 1900 most authors commenting un
wintering flacks ol geese have noted what
appeared to be fanilly groups {see revivws
Ly Elder and Elder 1919, Ballam 1954},
Bovd (1933:54) noted the wneritienl ac-
ceptance of the “fact” of fumily inity but
he, us nearly all goose researchers, utifized
the concept of fumily cohesivencss through-
aut the winter seasnn. Recent stodies with
marked Conada geese demonstrated that
families departing in autumn often returned
the following spring still hutact as units
(Martin 1964:9-10, Sherwnod 19681:100-
122) and the present study demonstrated
that family unity in dafly activity through-
out the winter Is maintained,



‘There remains the guestion of whether or
not immature geese of a family actually

‘represent progeny of the adults with which

they are associnted, Numerous studies have
established that brood-mixing or “adoption”
of goslings can be common for B, ¢ mof-
ittt in western United States (Williains and
Marshall 1938, Miller and Collius 1953, Gols
1836, Steel et al. 1857, Hanson and Drown-
ing 1959, Mactin 1904:24-253) and} for B, c.
maximae (see lanson 1903 for subspecies
ilentification) in northeentral United States
(Kossack 1030, Coilins and Jabn 1959,
Brakhage 1083, Sherwood 1066h:121-132),
The usual aecurrence when brood-ising is
common {s the formation ol some “families”
or “creches” of a size much larger than aver-
nge clutch size. Some studivs of moffittl or
maxima have not revealed brood-mining
{Kebbe 1953, Craighead and Cruighead
1919, Balbam 193L174, Rlopman 1938).
Honson  (10063:152%=151) concluded  that
there s no evidence for suggesting that
Lyood-mising oceurs in intervior and that the

- fumilies represent parents with thelr prog.

eny. No evidence was obtained in this study
to indicate anything but expecled (amily
stzes and rejatiouships,

The bonds amonyg sweviving siblings or
with o surviving parent did not appear af-
fected by the loss of one or more fawily
members, Balhan (1954:61), Martin (1961:
10}, mid Sherwood (19660:100-122) found

. that remnants of families broken by hunt.

ing migrated north in spring together. Ob-
servation of the yearling which separated
from his famnily after the fomale was killed
suggests a more loose relationship of year-
lings that have refoined thelr parents than
exists among immatures (see also Boyd
1935, Martin 1061:28). Before breakup of
this family I noted that this yearling, while
definitely an integral part of the family,
secemed to be less dependent on or influ-
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enced by movements of the eander than
were ull'. Inl"lﬂlllﬂ'.\'.

Yearlings

Some workers have been reluctunt to e
Heve that yearling geese may rejoin their
parents with a new brood and that this as.
soviation could extend into or throngh the
winter.  Lynch and Singleton (1964) ob-
served among Anser many groups Indleat.
lag family behavier bt which contalined
three or more ndulis rather than the ex.
pectedd pan. They specudated that such
groupings may reprosent polygamy, Boyd
(1933) obsetved threc-ndult fumilies of
white-fronted geese and suguested (Boyd
1951} such groups might represent bigamy,
lemporary  assoctutions or, following the
suggestion of Kournd Lorenz, yearlings re.
udmitted 1o the fumily, Subsequently, Boyd
(1935, 1957, 1939) surmised tlat yearlines
refoined their parents for a secoml winter,
Larller, Helnroth (1913:021) noted the
likelihood of greylag (Anser anser) your
lings refoining thelr purents, hut he did not
know to what extent this imight oceur. Thete
are mimerous observations ot individually
marked Cannda geese demonstrting that
some yearlings refoin thelr parents, oceu.
siomally before bt usually after the sum-
mer molt {Balham 1034:153, Martin 1964;
28, Sherwood 19064:100-121),

Based on photographs of B, ¢. interlor on
thelr nesting, grounds, Hanson ( 1905:155)
suggested  that some  yearlings  rejoined
families but that most do uot. The pereent-
age of yearlings behaving in this manner is
not kiown but probably would vary from
year to year depending on nesting success
of adults, size of the yearling caliort, prev-
alence of pair formation mmonyg yearlings,
und other factors. Resulls of this study and
of Sherwood (19660:100-121) indicate that
rejolning of families by yearlings may e
relatively common, ,

LN i
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Laynch aml Singleton (18961:123) poted
banels of yearlng blue and snow geese
(Amser  caerulescens  caeralesceny)  (the
method of age identilication is ot elean, bt
disinlssed the possibility that these groups
represeited siblings. They did note, how.
ever, that to consider yearling groups s
casual aggregations  of  uneelated  bivds
woull be speculative,

I suggest that the presence of yearlings
its fumilivs, sibling pairs, or groups may he
even more common than indicated fn this
stucdy, "Thirly-one of the 33 yearlings of this
study wero nmarked n 190 1-65: thus, they
were part of a coliorl representing the re.
sults of the poorest reproduction in vears
for this populution as judged by age eatios
of trap swmnples, hunter=kill,  breeding.
ground reconnnissance, and total numbers
of the flock (1lareld C. Manson, personal
conmsunication), Therefore, it is logical
that, following such a poor lateh or sur-
vival of gostings, the mumbers of sibling
palrs or larger groups surviving into their

vearling winter niny have been less than

usual,

Polygamy (almost always one male and
two fomales) ased unisexual pairs (almost
always two males) do contribute to three-
adult Tamilies or yearling pairs and groups
fn some cases (Heluroth 1911:601, 629,
Lorenz 1959:918, 1068:195-199; PFischer
1965:270; Kossack 1950; Balham 1934:54;
Collins and falm 1959; Brkbage 1965).
All these vecurrences, however, were in cap-
“tive or semi-tune, small flocks, Hejnroth
(1911:622) noted that pelygamy or pro-

-~ miscuous mating could occur untit the tri.

umph ceremony became established  be-

~ tweena pair. Lorenz (1439:218, 1966: 195~

204} discussed In detail the formation of
unisexual pairs and other “almormal” com.
binations as ~dependent apon changes in

puir formation behavior eaused by familiar-
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ity of geese with one another In sl or
captive flocks which would not accur fn
large wild populations. 1 believe the tri-
unsph ceremony pale of yeurling males of
this stucly anel the threeadudt fumilies and
vearling  assoctations teported Ly others
represent Tndlial assucitions,

There us been a general opinjon tiat
vearling geese tend to associate in groups
of Gamily size or larger (Lynel and Singfe-
ton 1964}, Lebret (1930) thought yeatling
whitesfronts tended to eongregate in groups,
and Boyd (1956) generalized that family
parties wd adults without youny, tended
o lorm more or less distinet agyresates
within a Hock. it is not clear whether they
Beleved these gronps to be regulir associa-
tions govemned by the birds' social relations
with one another or merely ngeregations
resulling from proxfmate fuctors not requir-
g regularity or “sovial bonds,”

Lynch and Singleton (1964) noted year-
ling groups averaged two birds per sioup.
When these andd larger groups represent
siblings, us discussed above, group coliesion
and activity resemble that of familles. Evis
dence from this study reveals that single
presumably unrelated yearlings may at thnes
be closely associated fn movements uml use
of specific arcas. But the most contmon
situntion with yearlings was single status,
and movement and use patterns more varied
than those of fawmilies (Raveling 1967).
Farther, it is possible that the yearlings of
this stucdy which were closely associnted
but did not behave as obviously related
geese were fn faet siblings that were no
longer held intimately together with a tri-
umph ceremony. Lorenz (1966:191) noted
that bonds between former triumph cere-
mony partners are never really completely
severed, Therefore, personal recognition
may serve o keep sibling yearlings together
even thongh they are not bound closely by
the trivmph ceremony.
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An additfonal fuctor which coukl canse
seemingly unrelated yearlings o be associ-
ateed through the winter §s that yearlings
beginning the process of padr formation the
previous sunmner likely remain loosely to-
gether throughout theie yearling winter, g
wre hot identiffable as mated pairs by their
hehavior, - Based on very nddireet evidenee
it hus long been suggested that Cunada
geese palr during winter (Bent 1923, Dela-
cour med Mayr 1945:8-10, Hanson 1953,
Navlor 1933). Batham (1931:62) appeared
to concur i this conclusion but he noted
that some padring occurred amuny, yeartings
in swanmer, Many studies have now denp
omstrited that sexual behavior, including
copmlation, is conunon nsmony yearling Cane
ada geese during the nesting season, cither
as true palrs or promiscoously  { Balluen
19534:92-77, Cels 1950, Collias and Juln
1939, Klopman 1962, Martin 1961:30-33,
Cradghead and Stockstad 1904, Wood 19063,
Brakhage 1965, Sheewowd 19600:133-131),

Stuee padr-formation beliavior s commen
among yearlings during swmmer it was un.
expected that only one vearling observed
during this stady was paired. This is be-
catse nitinl yearling paies are short-term
associations which ure cssipatecd by the ons
sel of molt (Martin 1984:33, Sherwvowd
19606/:133-131 ). Brakhage (Personal com-
municition) observed that marked individ.
witls of yearling paits in sunnner did not
assoclate through the following winter as
true palts, but the same two individuals
often rojoined as maled pairs in o lasting

- associotion in Tate winter and carly spring

at the onset of their 2uyear-old season.
Lorenz (1960:103-191) nated that when
“scrious” .courting of Z2.yearold greviags
begins, males often retum to thelr “love”™ of
the previous year.

No pair formation occurred among the
marked yearlings or single adults of this
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sticly, but travsinitters Tiad asnally Gaileed
by Febroary or March and fow oliserva-
tions were mide just prioe o sprivgg migra.
tion. Stane pair formation was ofsenved to
aceur uimony, atmatked geese

A factor tat counld have fullneneed the
status of yearlings olserved in this study s
hunting, Nineteen of the 26 yeadings were
trapped eluring or after the hunting season,
Effeets of possible breakup of yearling rela-
Honships due to Insting i \Wisconsin and
wther areas prior to arrdveel st their terminal
wintering area in southern Hinods are wt
Kkunown, The totad kil of Canla geese wt
Crab Orchard Iy s elitively small compuaied
to the liarvest adyweent 1o other southern
Hinots refuge arer  Approximately 2,200
peese were kifled eaeh season in the veinity
of Crab Orchard oul of average populations
of 39,000 and 36,000 goese durfng the 1983
and 1901 hunting sensos, respectively, It
iy unlikely that a significeat number of the
tagged geese were survivors of unknown
gronpy in_ which _relationships. may have
heen altered by hanting, 1 conclude that
the data presented shonld relect the rela-
tive importance of varfous yealing assacia-
tions encountesisd i winter floek of Gan-
ada geese

IMPLICATIONS

Especially basie to further undeestanding
of a vardely of 1opics in the blology of a
wregardons species s knowledge of sedial
structure. For example, movement patters,
specivssspecific and obviously Jearned e
haviors, and indecd the coneepts of evolu-
tion of Canada geese are not to be ander-
stood withoul knowledge of social relation-
ships, In turn, insight into goose soclety
andd hehavior depends upon knowledge of
the triumph ceremony (Pischer 1965).

Confusion and conflicting opiujons ave
widespread with regard to fumilies of geese
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in winter and virlally nothing was kuown
ol vearlings in winter, The results of this
study in concert with data provided by
other investigalions document genetalbo-
tions on tie unity ol families and the coin
of vewlings in the flock,

Family relationshipy Ifluence sampling
procedures aned for npsagement purposes,
fur exanple, trapping (Raveling 1966). The
fact that yeaelings may associate witl fnni.
lies ar enist In siling or othier geoups com.
poumls the ditficulty ol otilizing wroup
ciunts for assessivg reproductive suecess
as In done more eastly for uther goose spe-
cies with readily fdentitiable  wge-classes
bised on plumage development {Lyneh
andd Singleton 1961).  ilowever, beawse
familics do reain together almost con.
stantly and most yearlings are singles, thete
does eadst hope that family counts may be
the most ceonomical and wcenrate methnd
possihle, to assess production of some flocks.
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